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(57) Abstract: 



PURPOSE: To realize a light-emitting diode having good 
light emission characteristics or a light-emitting 
element comprising a semiconductor laser element by a 
method wherein a nitride compound semiconductor layer, 
which is superior in interfacial flatness and surface 
morphology, is formed on a sapphire substrate. 

CONSTITUTION: When a nitride compound semiconductor 
layer is crystal grown on a sapphire substrate 1, an 
amorphous nitride layer 2 is previously formed on the 
surface layer part of the substrate 1 and after that, a 
GaN buffer layer 3 is grown at a low temperature and the 
nitride compound semiconductor layer necessary for the 
constitution of an element is grown at a high 
temperature. This layer 2 can be formed by exposing the 
substrate 1 , for example, to an NH 3 gas atmosphere of 
1000°C. The film of the layer 2 is 10nm thick or 
thinner, desirably 7-8nm thick. Thereby, a nitride 
compound semiconductor light-emitting element, which has 
a flat surface and has a good crystallizability, can be 
formed and a light-emitting diode having good light 




•" (19)B*BM*tf/f (JP) (12) S | £ f| (A) UMmmBum**} 

^M¥9- 18053 

(43)^MB ¥/£9 ¥(1997) 1£17B 

(5i)inta. 4 sasjjss-^ /r^sss-^ fi mG&m&m 

HOIL 33/00 H 0 1 L 33/00 C 

HOIS 3/18 HOIS 3/18 



(2nai 




&mm- 161098 


(71)tiiSA 


000005108 










l*5fc£&B:£3iffr9T 


(22) a 


ma 


¥fix 7 ^(1995) 6 327B 












(72)55^ 












m^fSE^mmig-trS 1 Tg280§ift 






























K^fSa^rfi^^S 1 TS280SJ6 










««££*fc B Afif^Bf F*? 








azmvim 












KKSSS^m^'JrS 1 Tg280#ifi 


















(74)«SA 


&m± mm 













(54) mv&zm &fc%&{t&m*m&5&m : iFis<z:tt<Dm&jjm 



(57) C3?jfi] 

T«3t»tt3&t Aff Ti^e^ 1* K L < 

^7 7^S^2S^lt*5. filCTGaNA 

fl:iS2<aRJ?«» 10nm£TF> Jf$L<ttl-8nm 



H6 

14 




15 



i —T7t4 rM. »-r«*7»xifti tA i,(o,..N.).I . 

»-»-S«»3V*JH, • — 

tO-nlN. 1 l-n-AHiH*»»KI. 

i a -mum* 



— 557 — 



1 

[Ktll] ■y-7 7l'7S«±lC, GaN»/ty7 7S 

7 XSfbB-hlCMEHG a N*n-; 7 z/P£^f& LT 
$£1 0 nm&T£LT#oM^lfe«cOgfc%^-fb 
Ah(Oi.,N.)j ({BL. 0<x^l) £^tr£fl:JlT 

m&LT&zm&m x * l < \t 2 fsssogfb&aHb^fe 

(A It Gai-.), I m., N Ogx^l, 0£y 

SI) 3ft»S«fiESns^k«!l3S^«J*3l«:Bi:LT« 

94 J* «h LTji* 1 4 -3 ICS 

# u— tf t l -assail 1 4 ti-rnj^— o iris* 

C»^«7] *7 7-f75fi±l:. «tt«fil:J;OGa 
fitffiTSXgS^Mfb&^b^^tta^fc^CD 

t«80 o r ©in&TTSSitfx & L- < f4S3R£-g-tr# 
X3?H»£8SU •y-7 7<7««©aJB*aft:LT7 i e 

Cfflf^«8] ±Etr7 7'f7 , 8«<03cS*2rt:l,T7' ; £ 

^7 7xs^s*^gg-r5xsi&» a&TO«£$GSBSiHi 

i^OTLTA 1 2 (Ot-i N«>3 (Mb, 0<x^l) $ 
HMSJR9 3 ±SBSlffifi8fi{C«tOGaN?Rny7 7J8± 

fca^s-fk^ft^aj^s^isa^fi-r-sxg^^^T 

tt. (A liGai-i), I m-T N (fit. oSxSl. 0 
S y S l ) s n*Sfctt«fc-&&#I*fl:JH £ 

? 7 *SfbB £«S£T-5XgJ3<fctfG a N 7 7® 
C0^5£i- 51 *IS < ±E3^b«J^k^«3*«(*:)S WJSSrit 
fiXS*t, S^y-f^— H<0^fiExe*^tTl»*«7 75 
S9 ^rfta>-t3K£«<B2{fcft^fc£»¥*#52tt* • 



< 2 > #BB¥9 - 1 8 0 5 3 

2 

7 7 ^fiftS^ritTSXg* icXG a NJfeAy 7 7 S 

9 ^-rn^-o{csH«cD^{b^^^b-&^j¥#^7t?s^ 

[0 0 0 1] 

io im&±<Dmmftmi SftftsHb^&^fc: 

JB l:<t 5 SSft^fcS £tr 7 7 -T 7lfi± £ 
[0 0 0 2] 

[0 0 0 3] Lt5>L£:#£. Sfbfc^b^S&^aWfri-tf- 
7 7< 14** <*fcD, (0 0 0 

1) B&S«£/fI^fc*-*fctt» ^<&B5f*577fSnr*?J+ 1 6 

*7*DS;— <&¥»#S£fc*w<fca*BISTa-3£. $ 
.2? SIC, £tt*#&teT^££{Ci:0£i££ns«^;?S 

iCSStT&tJ*:. 

[0 0 0 4] ZftlZttL. mZHH. AmanoSl: 
it? TAp pi. Phys. Lett. Vol. 2 8 

(1 9 8 6) 3 5 31— i?tC^$nfc«fc5JC, ir^T 
< 75ffi±i:fiia-pA 1 Nny77SSfi2fift. SiST 

[0 0 0 53 

Sf^afflS#^.&*^©i(gStt{4i-«"«:fe<D-C 

[0006] s{*a<i{c«. tfw«tt»»itt 

50 0D7 7^^SS««IC-r«^3I^SS, 



—558— 



(3) 



#133^9 - 1 8 0 5 3 



Co oo 7] ciofcsMc, &&j£&flrric£firow£4=X 

(SIA 1 NA*7 7 7S52W«WC 

* 5 ^mm^ t )v s. - u a mnm&L&M^o <t n 

[0 0 0 8] LJt^oT. *Jg?3<oa6<ifiJtiatlDSE©2 

+r7 7-1*7g«Sffi<7>#«£gi7.5;i£7i<*E3fc 
-3**«n*W«: U— tf ^ (73 ¥ $ & o 

[0 0 0 9] 

££/£&U i&flfcTfcl*«Ill-V;&<0£fkft#fc-&4lj 
G a N3R/Xy 77l«J:l^fl:ttM:^MV 

Co o i o] m2',z±5z\zm'<if*tyT'<7m&L&m± 

\ZMfii.-ZtiZ>T : Z:)\<7 7 7>'&Vc®<n&l2* 1 0 nm&TF 

CO 0 1 1] 33£3«±{c#£T*7^77-xatffc 
S4Al,(0«..N,), (1L, 0<x£l) *-&trSEYb 

CO 0 1 2] f^A\ZZ.<D^ors.T^:)Vy T7,M<tm^ 
8tl>tt7 7'( r»«±fc^ft< tfcCA l.Ga.-,), 
Ini-,N (flU 0s£x^l, 0£y£l) 

[ooi3] *lt. ^5ts*±K,ia^rig$n5a 

4. 
CO 0 1 4] 

CfWB] EAT. #58<B<Z3#«££*if7 7-f7Sffi-Ll;: 



TSa^TS. 5£fcfci£^7iJ:?(cft ; &&'#T&<5 2, 

(0 0 1 53 cnic^l, *3S9J<3#»££:<5fiiaGa 
N % A y 7 7- S Srfigg-r 3 ffi Ci7 7 7 -f 7 S«SS35a 

tK5->*>. y^^ut YyV>^-<n^^\z^ ztz. 

10 tiCiO, SS^SSSfcA l 2 (Oi-« «&U 0< 

Co o i 6] zn\z. &{tto&4t'£vi¥m#m&i£&T 

4ffllC1f77<7SfiM«S2fliL» 7rJl,77X2 
gS&73$KB#S£St** C ££ < <g-SG a N»Ay7 7 

Co o i 73 -T7i^^, -y-7 7-r 7Sfi^jaao7 : c;i' 

S*«fc{2-r3G&IC-DtiTS5K:i¥jffiro£. 7^7 7 

x<tzftfr&WL&m&\zit&mm=?-&w&-rz(D-z % 

ft3W«£«gC«ri5fiSc«C,fc*G a Xa/f y 7 7@35<fc 

.30 «affiT<75S5BO^<^U — >■ (»«) jfitffiigS 

C0 0 1 83 1f7 7-f 7S«<0MS5CJ&£3n 

57^77 7«ftS©ISS £*B54*ttfc<BW«fc^H» 

^7 7 7Sfl:»ctt»tt. £«£®<o¥fifl:K:;*:£<a* 
ST*c:£:*<taa»9, MSSLThcfc-piCl 0 nmPiTiT 
-5 C^t5^^L<. $F£L<ttl~8 nmLTZZfe 

40 [0019] 7i^, m^un<D^&\za^x\t, m%i<z> 
^r«^«$cffl^fiSH&fflv>, -y-7 7f7S« : £ ioo 

W N H j 7^7. ^ H^tC $ 5 -T d t lC<fc o TiM IC 7 
[0 0 2 0] EI 1ft. ^a^JtSFCiO^-Wl/JtlT^ 

7<7Sffiaaff^5<oNis^^i7 Muau£a>2fl:i5fflffc 

50 #teS^Ofc^&»EIT»o. ««tt^k^W, ^¥6 



—559 — 



( 

5 

ttNiS*'** h;W<B?8$Hfi&T*-5. latC^Ti Z) ICS 

xkotvuseh^a i a 1 2 (Oi-, NO, 

(fflU 0<x£l) JH£»JfcLTV>-5;fca&£5**.&n 
5. L0»U MWSUEtt, fiWUti (3 

ir) i5< T&fn U&*b3?rfH1 ti (5#) STSK— ST 

;&-3*: 0 ^oa. ^©amasflMHJt^s t s (20 

a<^*L&ftL&a67c^fl;£?ffi t iCafiTtt. IS) 2 

(a) ic^-r.fc5icsn:S2*«ssigffij-3?zaic»dc 

CO 0 2 2] ZLtl\ZttL. affid^fiSftLfcS^rfltj 
<73K»Ttt, 0 2 (b) t^r«t5l3, »-p3*»«>#«flE) 

z&Am&mjzist&sbytstitmsit ^k^tii 02 

(c) C^T«fc5K^Wt*©«flgEl 7*t$S|-«S 
4SfCfg/££tt. -rco&. 3MfcBSfSW«fi<ftS£#K*rt; 

SaffiC9¥Si£tf*5 L<&<ft£:i£: 
[0 0 2 3] £ GD^H,& 1 7 0JSfilf t77-f7SS 
1 tSftS2T»5A 1 WS£<DlBi\ZW&rZ±£ZtE. 

jMti&RtteMU 5 nfc&SE 

CO 0 2 4] dO^^b. SftSO^^lza. SI1 

CO 0 2 5] «±&^££?i::£tt:J82&ffico#«r» 

tc«-t-©JP$*Sfl:S^«Ulii;dS)<5 l nm£l±l 0 
nmJEHF. L < « 1 - 8 nmiCf-S C ft 



> - 1 8 0 5 3 

6 

CO 0 2 63 ZVmSkfrb* SStOSffiTOIfcUT 
7 =£)l> 7 7 X mtm ZMEZ LTclr 7 r-f 7SS±t fefc, 

(A l , G ai-i ) T I n 
i-fN CfiU 0Slx£l, 0£y£l) ©#iS«l5SSr 

ft se*t^-f h* i — if vRytm^zmm 

[0 0 2 7] 

<H5S051> 0 3. H4Sffll»T5EWt- Kco«i& 

7)V\t- nmmZft v>T5S3t^-f H sS^ffljg^H^ 

CO 0 2 83 H3I^L&^r;U^-5=-D*ji0^fi^S 
C^HTRWtat. ST. 71S1 CD (0 0 

o i) as* ioo orcoNH.^xic4^Rg$ s-rzii: 

fC«fc9. MSII:^c8nmC7 ; 6^7 7^A h(0 
:-.N,)j «BL. ;i<Z>0!fTte:x = O. 5) JB2£JgfiSU 
fc. Z.nt.&07 s E:)l'7 7Zm{km2<D1&gL\±* Ni^ 
'&tfNHj«C0^^*'&JixVS^tr^«'{t-&»3&^ft* 

»«Tg^t^I (0<x^l) te. $S3iB«<!:*aSB* 

m <t ftfm- s - ^ k <t o * -s gsftf (i sat-r * £ £ # 
Co 02 9] ^tDSS^@ggcDS{kia^c7)^. m^ico^ 

fc&JKSErajfifi&ICi 0 5 0 0ti;tGaN/^77)S 
3 09 ^ 1 5 nm) SrfiSg-r-o. ^^T. 1 0 0 0X2 iZ 
Tn-GaN3>^i?hS4 09^2/xm, n = 2 x 1 
0 :i cm- J ) » n-GaN^7yHS5 09$2um, 
n = lxiO"cm- 5 ), ZnH-7 , LfcGao. s In 
o.iN&£®6 (J54 0. Urn, p=lxi0 18 c 
m' 1 ) , p-GaN^7';h'!7 (]5c2/xm. n=l 
x 1 o 11 cm- 1 ) *3«fc^p-GaN3>^^ hS8 iM 
SUm. n = 3 x l 0" cm- 3 ) «k«ft«fiL 
fc. ClOck^ftilsariEfitt, =S-«&«Slffl^6Sftco«fc 

[0 0 3 0J ^fC, mWSmtiiis&Tfi&hVV#?74 

UfcAbt, 0 4lC^-r«fcpftS^$:n-GaN3>^ 
?h^4STM1"5. CC0i#C0Xyf 1 >^'{i'^Xy 
h» RIE. RIBE. -f*>5'J>^. TJ&S-fflt? 

5 *-CSE£i:«i*U n-GaN'n>5'i7 K®4C0j&^ 
Tih$<£>J:-5lC-r<5. x-co^. nTmitlg&ZLT** h 'J 

3f^(CTpffi!]«ffi (Ni/Au) 9, nffil^ffi (Ti/ 



—560— 



<s 

7 

AD 10 SJ&fifcT*. 

[0 0 3 1] ^CDck^fCLT. 04IC^r<fc-575:»r®«| 

§4 5 0 nmi:t-i'^^^SMTO%3t7^ 
[0 0 3 2] tfc^iLTS«Mi3BI3<D7^ 
3 7W7mi2$15nm 

tt. *<D&m. ^?n<Dst#ms>. &z*mtiyt&#tt\z 

[0 0 3 3] mfam2) 05, 0 6Sffl^T^*U 
fc-fc. 0 511 17 37 7<7g«±IC££&L££{t&#-ft: 

[00343 -r-cm fflsico^rai^a^^s^jcfc 

0,' GaN/ty77l3 0P$15nm) SMU, n 
-GaN3>?^hS4 (J9^2iim. n = 2xl0" 
cm- 1 ). n-A 1 0 . !Gao.jN?7y KM 1 I 
2/ira. n=lxio is cm- J ) . 7>H-7"Gao. 9 
I no. tNJgttSl 2 (J?S6 0nm) . p-AU.iG 
a«.iN^9yh'Sl3 0?SUm» n = 7xi0" 
cm' 1 ) £5<£#p -GaN3>^? HS8 (J5£ 1 /z JO 
m, n = 3X10 1 'cm->) £j@#ifiS&fiic:gL*:. 
[0 0 3 5] *}C, Hecsti^i:. mm&PiiS 

©Iyf>yiii;ioTgI£n-GaN3>^j' h 

R I E. RIBE, -ft>5'J>^, 7J&£fSJ:bfc: 

7*^£;SV>Tm^fc*-A^;&8j43<fctf U 7 h*7lZ 
"Cpita (N i /Au) 9. nSU^ffi (T I /A 1 ) 
lOSMLft. {it, C©pM«S9tt, SSfcBl^h 

*J5*»1 0 0 /*m£-C 

«f*u -x^^ici o. *s«fi i mmofimaraaa* 

[0 0 3 6] COS, 3RTOI5®iCA/4 (A : %3Sift 
S) <Oi5*<Z)iS£»K 1 5 £. SR^oaffiJCHRWK 1 

<n*m&u--*fmTizmm&xz?f-3Zi££*>* #920 

mA"C&S4 0 0 nmtCtr-^^fc^^^a^&ffl^ 
fit. $St«dSffiAfl!*«Ofc»8 0 m 



*?B8¥9 - 1 8 0 5 3 

8 

ms 0mAT&:B3 9 5 nnKBU— tfS8S*«83L&. 

[0 0 3 7] 7a*. tt$fc««i:LTS«$SICH5<B7 ,; & 
;U7 7-^SifcS2*®figitriC. ESGaN^y77@ 
3 £^££Lfct>«<fc, T^U? rX&fcM 2 £ 1 5 nm 

&.^-r\Z. iiaGaNny7 7S3£Mb&t)0^ 
S-e-r. Sfc, 7W7X3{tS25l5nm^$ 
£ *> <7) fCfe Is— tf 58fi«* e nt*»<fc 

[0 0 3 8] 

C^^OStt*] £U:§?xfiL*:J:-7{c, *«MfcJ:0»r«I 

-£to¥mfrm&0z& l -rzm'£iz* ■v-7 7^7&&$m<?> 

[03] *BW<D-3mmi:tzZ&%:?'i*~-i t m#"7 

[0 6] f^i:<#^i^— ifsR^ss^ia. 
[£Hf<z)S*^3 

2- 7 , -t;U7 7XS^b® CA li(Oi-«Ni)i] , 

3- GaNA'-;77E 

4 — n-GaN3>^57 hS. 
5-n-GaN^7-; KM. 
6 - Z n K— 7*G a I n NffittI, 

7- p-GaN^7y KJg, 

8- p-GaN3>^^ hS, 

9- pMt«. 

1 0-niBSa. 

H-n-AlGaN^7yFE 
1 2 -T> K— T'G a I n N»t£B. 
13-p-Al GaN^^y KM; 
1 4 -Kitm^ h- 7°, 



—561— 



(7) 



**BB¥9 - 1 8 0 5 




1 — 9 
»-« 
»■-• 
i 0 — 
t X — 
l 3 — 
t * - 
I *• 



■MR 



